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(54) Input signal reading circuit having a small delay and a high fidelity 



(57) An input signal reading circuit comprises an 
up-down counter receiving an input signal and a sam- 
pling clock to count up the sampling clock when the 
input signal is at a high level and to count down the sam- 
pling clock when the input signal is at a low level. The 
up-down counter outputs an underflow signal when a 
count value of the up-down counter becomes zero. A 
comparator compares the count value of the up-down 
counter with a reference value held in a register, to gen- 
erate a coincidence signal when the count value of the 
up-down counter becomes coincident with the refer- 
ence value. A RSflipflop is set by the coincidence signal 
to bring the read-out signal into a high level, and is reset 
by the underflow signal to bring the read-out signal into 
a low level. 
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Description 

Background of the Invention 

Field of the invention 5 

The present invention relates to an input signal 
reading circuit, and more specifically to an input signal 
reading circuit for stably reading a noisy input signal 
with a small amount of delay and a high degree of fidel- 
ity- 
Description of related art 

Japanese Patent Application Pre-examination Pub- 
lication No. JP-A-57-087232 (the content of the which is 
incorporated by reference in its entirety into this applica- 
tion, and also an English abstract of JP-A-57-087232 is 
available from the Japanese Patent Office and the con- 
tent of the English abstract of JP-A-57-087232 is also 
incorporated by reference in its entirety into this applica- 
tion) discloses one typical prior art input signal reading 
circuit, which will be now described with reference to 
Figs. 1 and 2. Fig. 1 is a simplified block diagram of the 
prior art input signal reading circuit disclosed in JP-A- 
57-087232, and Fig. 2 is a timing chart illustrating an 
operation of the prior art input signal reading circuit dis- 
closed in JP-A-57-087232. 

As shown in Fig. 1 , the prior art input signal reading 
circuit disclosed in JP-A-57-087232 includes an integral 
counter, namely, an up counter 5 for sample-counting 
an input signal Si, and a timing pulse generator 6 for 
generating a sampling clock and a read timing pulse Ss. 
The up counter 5 is controlled by the input signal Si to 
count the sampling clock only when the input signal Si 
is at a high level, and to output a signal S7 of a high level 
when a count value of the up counter 5 is equal to or 
larger than a predetermined constant value (threshold 
value) preset in the up counter itself. When the count 
value of the up counter 5 is smaller than the predeter- 
mined constant value, namely, when the count value of 
the up counter 5 has not yet reached the predetermined 
constant value, the up counter 5 outputs the signal S7 of 
a low level. When the read timing pulse Ss is generated 
by the timing pulse generator 6, the up counter 5 is reset 
or cleared, to re-start a count-up from an initial value. 
On the other hand, a D-type flipf lop 7 latches the signal 
S7 at each time the read timing pulse Ss is generated, 
and a O output of the D-type flipf lop 7 is outputted as a 
read-out output signal Ss of the input signal Si . 

Thus, by appropriately selecting the frequency of 
the sampling clock and a period of the read timing pulse 
Ss, a noise contained in the input signal Si is removed 
as shown in the timing chart of Fig. 2. 

As seen from the timing chart of Fig. 2, the prior art 
input signal reading circuit is constructed to detect, in 
synchronism with the read timing pulse Ss, whether or 
not the count value of the up counter 5 reaches the pre- 



2 

determined constant value, namely, whether or not the 
up counter 7 outputs the output signal S7 of the high 
level. Furthermore, the up counter 5 is reset in synchro- 
nism with the read timing pulse Ss, namely, at the period 
of the read timing pulse Ss. Therefore, although the 
count value of the up counter 5 has already reached the 
predetermined constant value, the high level output sig- 
nal of the up counter 5 is not detected unless the read 
timing pulse Ss is outputted In addition, since advance- 
ment of the counting is delayed by the low level noise, if 
the count value of the up counter 5 does not reach the 
predetermined constant value until the read timing 
pulse S& is outputted, the count value of the up counter 
5 is reset, so that the high level output signal of the up 
counter 5 is not detected. As a result, the detection tim- 
ing is significantly delayed, as shown in a left half of Fig. 
2, and in extreme case, although a high level input sig- 
nal is received, it is not possible to detect the input sig- 
nal, as shown in a right half of Fig. 2. 

Summary of the Invention 

Accordingly, it is an object of the present invention 
to provide an input signal reading circuit which has over- 
come the above mentioned defect of the conventional 
one. 

Another object of the present invention is to provide 
an input signal reading circuit capable of stably reading 
a noisy input signal with a small amount of delay and a 
high degree of fidelity. 

The above and other objects of the present inven- 
tion are achieved in accordance with the present inven- 
tion by an input signal reading circuit comprising an up- 
down counter receiving an input signal and a sampling 
clock to count up the sampling clock when the input sig- 
nal is at an active level and to count down the sampling 
clock when the input signal is at an inactive level, the 
up-down counter outputting an underflow signal when a 
count value of the up-down counter becomes an initial 
value; 

a register for holding a reference value; 
a comparator comparing the count value of the up- 
down counter with the reference value of the regis- 
ter, to generate a coincidence signal when the 
count value of the up-down counter becomes coin- 
cident with the reference value of the register; and 
an output circuit receiving the underflow signal and 
the coincidence signal for outputting a read-out sig- 
nal, the output circuit responding to the coincidence 
signal to bring the read-out signal into a first level 
and responding to the underflow signal to bring the 
read-out signal into a second level different from the 
first level. 

With the above mentioned arrangement, the up- 
down counter counts down when the input signal of the 
inactive level (for example, a low level) is received. 
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When an noise is inputted instantaneously, the up-down 
counter counts down, however, the noise cannot be 
considered to continue for a long time. Therefore, if the 
input signal of the active level (for example, a high level) 
is received in a general situation, the counter finally 
reaches the reference value. As soon as the count value 
of the up-down counter reaches the reference value, the 
read-put signal is brought into a first level (for example, 
a high level). Namely, it is regarded that the active level 
of the input signal is detected. If the inactive level of the 
input signal truly continues to be received, the up-down 
counter continues to count down, and therefore, the 
active level of the input signal is never detected. 

In order that the moment the count value of the up- 
down counter has -reached the reference value is 
deemed to be the moment the active level of the input 
signal has been detected, it is necessary to count down 
when the inactive level of the input signal is received If 
the counter is not counted down, when the active level 
of the input signal is received at intervals, the active 
level of the input signal is detected. Therefore, in order 
to avoid this inconvenience, any resetting means would 
become necessary. In the present invention, this incon- 
venience is avoided by counting down the up-down 
counter when the inactive level of the input signal is 
received. 

The above and other objects, features and advan- 
tages of the present invention will be apparent from the 
following description of preferred embodiments of the 
invention with reference to the accompanying drawings. 

Brief Description of the Drawings 

Fig. 1 is a block diagram of one prior art input signal 
reading circuit; 

Fig. 2 is a timing chart illustrating an operation of 
the prior art input signal reading circuit shown in 
Fig- 2; 

Fig. 3 is a block diagram of a first embodiment of 
the input signal reading circuit in accordance with 
the present invention; 

Fig. 4 is a timing chart illustrating an operation of 
the input signal reading circuit shown in Fig. 3; 
Fig. 5 is a block diagram of a second embodiment 
of the input signal reading circuit in accordance with 
the present invention; and 

Fig. 6 is a timing chart illustrating an operation of 
the input signal reading circuit shown in Fig. 5. 

Description of the Preferred embodiments 

Referring to Fig. 3, there is shown a block diagram 
of a first embodiment of the input signal reading circuit 
in accordance with the present invention. 

The first embodiment of the input signal reading cir- 
cuit includes an up-down counter 1 receiving an input 
signal Si and a sampling clock S2 to count up the sam- 
pling clock S2 when the input signal Si is at a high level 



and to count down the sampling clock S2 when the input 
signal Si is at a low level. This up-down counter 1 out- 
puts an underflow signal Ss when a count value of the 
up-down counter 1 becomes an initial value such as 0 

5 (zero). The shown input signal reading circuit also 
includes a register 2 for holding a reference value R, 
and a comparator 2 comparing the count value S3 of the 
up-down counter 1 with the reference value R held in 
the register 1 . When the count value S3 of the up-down 

70 counter 1 becomes coincident with the reference value 
R of the register 2, the comparator 2 generate a coinci- 
dence signal I S4. In this embodiment, the up-down coun- 
ter 1 is so constructed not to count up beyond a count 
value corresponding to the reference value R. 

15 ": The underflow signal Ss and the coincidence signal 
S4 are supplied to a reset input Rand a set input Sofa 
RS (reset-set) flipflop 7, respiectively. Therefore, when 
the coincidence signal S4 is generated, the RS flipf bp is 
set to output a O output signal Se of a high level, and 

20 when the underflow signal Ss is generated, the RS flip- 
flop is reset to output the Q output signal Se of a low 
level. This Q output signal Se is outputted as a read-out 
signal. 

Now, an operation of the input signal reading circuit 

25 shown in Fig. 3 will be described with reference to the 
timing chart of Fig. 4. 

If the input signal Si is brought to the high level at a 
time ti , the up-down counter starts to count up. At a time 
t 2 , a noise is mixed into the input signal, and the input 

30 signal Sr is brought to the low level, with the result that 
the up-down counter 1 starts to count down. At a time t 3 , 
the noise disappears, and therefore, the input signal Si 
is brought to the high level again, so that the up-down 
counter starts to count up again. At a time U> the count 

35 value S3 of the uptown counter 1 becomes coincident 
with the reference value R of the reference value regis- 
ter 2, and the coincidence signal S4 is generated in the 
comparator 3 t so that the RS flipflop 4 is set to bring the 
read-out output signal S6 into the high level. Namely, the 

40 read-out output signal S6 rises up. At a time t 5 , the input 
signal Si is brought to the low level, and the up-down 
counter 1 starts to count down from the reference value 
R. The count value S3 of the up-down counter 1 
becomes 0 (zero) at a time and the up-down counter 

45 1 outputs the underflow signal Ss, with the result that 
the RS flipfiop 4 is reset to bring the read-out output sig- 
nal S6 into the low level. Namely, the read-out output 
signal S6 falls down. 

Accordingly, an input signal corresponding to one 

50 obtained by subtracting the noise from the input signal 
from the time tj to the time ts, is read out as the read-out 
output signal Se, with a delay time which is shorter than 
that in the prior art example shown in Fig. 1 . In addition, 
since the read-out output signal S6 is brought into the 

55 high level as soon as the count value S3 of the up-down 
counter 1 becomes coincident with the reference value 
R of the reference value register 2, it is no longer neces- 
sary to wait generation of the read timing clock which 
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was required in the prior art input signal reading circuit 
shown in Fig. 1 after the counter has reached the prede- 
termined value. Therefore, it is possible to minimize 
possibility that the input signal cannot be recognized as 
in the right half of Fig .2. 

Thereafter, the input signal having removed the 
noise can be similarly obtained as the read-out output 
signal Se, as shown in Fig. 4. 

Thus, a noisy input signal can be stably read with a 
small amount of delay and a high degree of fidelity. 

Referring to Fig. 5, there is shown a block diagram 
of a second embodiment of the input signal reading cir- 
cuit in accordance with the present invention. In Fig. 5, 
elements similar to those shown in Fig. 3 are given the 
same Reference Numerals, and explanation thereof will 
be omitted for simplification of description. 

As seen from comparison between Fig. 3 and Fig. 
5, the second embodiment is characterized in that the 
input signal reading circuit includes "n" reference value 
registers 2i, • • 2n, where M n" is an integer not less 
than 2, "n" comparators 3i, • • • , 3n, and M n" RS flip- 
flops 4i, • • • , 4n. 

The reference value registers 2i , • • • , 2n hold 
reference values Ri, • ■ Rn, respectively, where Ri 
< • • • < Rn. In this embodiment, the up-down counter 
1 is so constructed not to count up beyond a count value 
corresponding to a maximum reference value Rn. 

Each of the comparators 31 . • • • , 3n receives the 
count value S3 of the up-down counter 1 in common, 
and also receives the reference value from a corre- 
sponding register. Therefore, the comparators 3i 
receives the reference value Ri from the corresponding 
register 21, and the comparators 3n receives the refer- 
ence value Rn from the corresponding register 2n. The 
comparators 3i, • * •, 3n output their coincidence sig- 
nals S4i, • • • , S4n to a set input S of the RS flipflops 
4i, • • * , 4n, respectively. Similarly to the first embod- 
iment, each of the comparators 3i, • • •, 3n generates 
the coincidence signal S4i, • • or S4n when the 
count value S3 of the up-down counter 1 becomes coin- 
cident with the reference value Ri , • • • , or Rn of the 
corresponding register 2i, • • *,or2n. 

A reset input R of the RS flipflops 4i, • • • , 4n 
receive the underflow signal Ss from the up-down coun- 
ter 1 . The RS flipflops 41, • * • , 4n outputs their Q out- 
put signals as read-out output signals S61 , • • -.Sen, 
respectively. 

Now, an operation of the input signal reading circuit 
shown in Fig. 5 will be described with reference to the 
timing chart of Fig. 6. 

If the input signal Si rises up at a time t, , the up- 
down counter starts to count up. At a time t 2 . the count 
value S3 of the up-down counter 1 becomes coincident 
with the reference value Ri of the reference value regis- 
ter 2i, and the read-out output signal Ssi rises up. At a 
time t 3 , the input signal Si falls down, with the result that 
the up-down counter 1 starts to count down. At a time ti, 
the count value S3 of the up-down counter 1 becomes 0 



6 

(zero) and the read-out output signal S61 falls down. 
Namely, the read-out output signal S6i corresponding to 
the input signal Si having the high level from the time t 1 
to the time t 3 , is outputted from the time t 2 to the time t 4 . 

5 Similarly, the read-out output signal S61 corresponding 
to the input signal Si having the high level from a time t 5 
to a time t 7 , is outputted from a time t 6 to a time t 8 . 

If the input signal Si rises up at a time tg, and falls 
down at a time t 11( then, rises up at a time t 12 . and falls 

10 down at a time t 14 , the read-out output signal S61 rises 
up at a time t-j 0 , and the read-out output signal Sen rises 
up at a time t 13 . Then, the read-out output signals S61 
and S6n fall down at a time t 1 5 . Thus, all of the read-out 
output signals Sei, • • •, S6n are outputted. 

15 In this second embodiment, an arbitrary signal 
component can be obtained from one input signal by 
selecting a desired one of the read-out output signals 
S61 , • • • , S6n. 

The invention has thus been shown and described 

20 with reference to the specific embodiments. However, it 
should be noted that the present invention is in no way 
limited to the details of the illustrated structures but 
changes and modifications may be made within the 
scope of the appended claims. 

25 

Claims 

1. An input signal reading circuit comprising an up- 
down counter receiving an input signal and a sam- 

30 pling clock to count up said sampling clock when 
said input signal is at an active level and to count 
down said sampling clock when said input signal is 
at an inactive level, said up-down counter output- 
ting an underflow signal when a count value of said 
35 up-down counter becomes an initial value; 

a register for holding a reference value; 
a comparator comparing said count value of 
said up-down counter with said reference value 
40 of said register, to generate a coincidence sig- 

nal when said count value of said up-down 
counter becomes coincident with said refer- 
ence value of said register; and 
an output circuit receiving said underflow signal 
45 and said coincidence signal for outputting a 

read-out signal, said output circuit responding 
to said coincidence signal to bring said read- 
out signal into a first level and responding to 
said underflow signal to bring said read-out sig- 
50 nal into a second level different from said first 

level. 

2. An input signal reading circuit claimed in Claim 1 
wherein said output circuit is formed of a reset-set 

55 flipflop which is set by said coincidence signal to 
bring a Q output signal into a high level, and is reset 
by said underflow signal to bring said Q output sig- 
nal into a low level, said Q output signal constituting 
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said read-out signal. 

An input signal reading circuit claimed in Claim 1 
further including 

5 

"n" registers for holding "n" different reference 
values, respectively, where "n" is an integer not 
less than 2; 

"n" comparators each comparing said count 
value of said ip-down counter with said refer- 10 
ence value of a corresponding one of said "n" 
registers, to generate a coincidence signal 
when said count value of said up-down counter 
becomes coincident with said reference value 
of said corresponding one of said "n" registers; 75 
and 

"n" output circuits each receiving said under- 
flow signal and said coincidence signal of a 
corresponding one of said "n" comparators, for 
outputting a different read-out signal, each of 20 
said "n" output circuits responding to said coin- 
cidence signal of said corresponding one of 
said "n" comparators, to bring its read-out sig- 
nal into said first level and responding to said 
underflow signal to bring its read-out signal into 25 
said second level. 

An input signal reading circuit claimed in Claim 3 
wherein each of said output circuits is formed of a 
reset-set flipflop which is set by said coincidence 30 
signal of said corresponding one of said "n" compa- 
rators, to bring its Q output signal into a high level, 
and is reset by said underflow signal to bring hs Q 
output signal into a low level, said Q output signal 
constituting said read-out signal. 35 
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Fig. 1 PRIOR ART 
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Fig. 5 
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